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(Recrived September 16, 1952)

The state of focus of the eye in dim light and in total darkness was investigated by photogrzphing the
Purkinje images of a double aperture placed over a high speed flash lamp, Measurement of the phato-
graphed images showed that all subjects, when viewing a dim scene, remained focused for far vision. By
subjective test, however, these subjects were myopic under the same conditions oi dim lighi. The experi-
mental results thus faver the theory that “night mycpia®™ is a result of the aberrations of the ey~ and is not
due to accommodation. The flash photographs 1aken in tota! darkness showed that three subjects remained
fosused foe far vison,; the fourth subject sometimes accommadated, by amounts varying between 0.5 and

1.8 diopter.

I.\' 1951 we reviewed much of the existing literature
on night myopia and described new experiments
which showed that the principal causes of the phenome-
non are the aberrations in the eye, spherical aberration
being the chief contributor.! Accommodation was found
to be an unimportant factor by the following experiment.
The subjects were required to fixate foveally a distant
target with fine detail, and at the same time to deter-
mine subjectively the optimum spsctacle correction
for a dimly illuminaied coarse grating target viewed
by the dark-adapted parafoves. The subjects’ usual
night myopa appeared ander these conditions, ai-
though accommadation was prevented by means of
the foveally viewed target.

It was also shown that the change in the magnitude
of mght myopa with brightness could be explained on
the basis of the undercurrectad sphencal aberration of
the eyz, the eflect of the spherical aberration on the
light distnbution in the retinal image 18 such that a
progressave change an forus m required 1o produce
hest contrast rendilion of the test gratings, which must
becoe coarser to be roscived visually as ther bright.

K moescn, Sostuh, amd Temees, § Opt Soc. Am. 41, 89 (1951).

ness is reduced. The essentials of this explanation were
recently confirmed by the work of Hotchkiss, Washer,
and Rosberry,® who found that, for photographic lenses
having spherical aherration, the focal position for best
contrast renditicn varied with the coarseness of the
grating test object.

Bouman and van den Brink? in 1952 reportesd a study
of nizhi myopia, and proved independently that
spherical aberration was partly responsible for the
phenomenon. Oterc* and his collaborators, however,
have recently described a new experiment leading to
the conclusion that accommodative chsrges in the eye
are the only important cause of night myopia. Otero’s
work is unusual in that his measurements of the re-
fractive state of the eye were made by photographing
the Purkinje images of a flash lamy, rather than by
the usual subjective method which determines the
spectacle correction producing maximum  acuity in
dim light. Otero chose three subjects who had especi-

l;sr;mman. Washer, and Rowberry, ] Opt. Soc. Am. 41, 600
U A Do 284 . van den Brink, Opbthalmologics 123,

100 (398
$J. M. Oters, J. Opt. Soc. Am €1, 342 (1951).
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aﬂydsmm?urkm;emges,mdfonndthn,wben
the eye was in total darkness, the second Purkinje
image of the flash lamp was smaller than when the eye
was adjusted for far vision. This indicated an in-
cressed accommodatioss in the dark of about 1.2 diopters.
Although the measurements were made only in total
darkness, Otero concdduded that .the same state of ac-
commodation prevailed in Jdim light and was identical
with the phenomenon of night myopia.

Since these results were contradictory to our own,
we repeated Otero’s experiments with our own subjects
who, by the subjective test described above, showed
huiemno:ccommdﬁmmdxmhght,butwbo
nevertheless had substantial night myopia. Further,

it seened worth while to investigate Otero’s amxmp-i

tioa that the state of sccommodation in total darkness
it necessarily the state prevsiiing in dim light. It~
weemed quite possible that some eyes might accommo-
date slightly in darkpess, in the absence of all visual

stiemili, but that this tendency might disappear in dim

Hght with binocular vision, since there are wesk con-

vergence and acuity cues for ms;z&waag."‘kam

ndeed fownd to b the ces= for 50z of cur subjects; the
sthers, however, dtdnat.mmodate,esthcrmdtm
hghxordukne-.

EXPERIMENTAL METHOD

Our method of photographing the Purkinje images
was similar to that used by Qtero.* Figure 1 shows the
experimental apparatus, The ligi t source (A} was a gas-
t:llui discharge tube, mounted in a reflector acd giving
a flagh of 300 mictosecond durat on. The reflector was
sovered with a sheet of black paper containing two
circular holes of one centimeter diameter and separated
vertically by about 6 cm between centers. The reflector

Puo t Appentus for photograplung the Purbmpe images for
vanocs stanme o aavvesmolsize A, S e covered with 2
dostde sgerturr, B camers, C, mrvemenadaiog Stimg tent objer?
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was placed level with the subject’s eve, on a line 30°
from the visual axis, and about 30 cm from the eve.
The latter distance =ac varied from subject to subject,
to obtain maxin.um useahle separatios in the sevond
Purkinje image of the double aperture as seen in the
subject’s pupil. All three Purkinje images of the double
aperture were photographed by a cumera (B, Fig. 1)
placed ‘nbnut 3% on the other side of the visual axis.
The camera iv.os had a 127 mm focal length, was used
at f:8 and was about 20 cm from ths subject’s eye. For
prdnmxnar) adjustments and focusing, a reflector
containing an incandescent lamp and covered with a
double aperture identical to that 5¢i the flash Jamp
was placed in the position of the flash lamp. The sub-
ject’s head was held steady in a head rest. A distant
fixation point was used to keep his gaze steadily
oriented in the forward direction, so that the second
image appeared centered in the pupil. -

The experimental procedure was as follows: First,
to determine the relation between the Purkinje image
separation and accommodatior, a series of -flash ex-
posures was made with the eye in various states of
accommodation. These states were maintained by
having the subject view a test object (C, Fig. 1) placed
at various distances from the eye, and in line v ith the
distant fixation point already mentioned. A black
Landolt ring or a grating, placed on a simall piece of
opal glass illuminated from behind, was used for a iest
object. The rasf of the room was kept dark, o that 3
large pupil was obtzined. Some pupil constriction of
course occurred st the higher states of accommadation.
The test object was viewed hinacularly to reinforce
the accommodation as much as possible, but only the
right eye was photographed.

After completion of the series of calibration ex-
posures, the subject was allowed to remain in darkness
for about 13 minutes, which was considered sufficient
to allow accommodation, if any, te occur. A series of
flash exposures in total darkness was then begun,
allowing sufficient time for readaptation between cach
flash. The subject looked strright akead in the dark at
the point wheie he remembererd the fixation point tn
lie. An occasional flash of light from the fixation point
was used to refresh his memory. 1n a dozen or more
cxposures, there were always some where the Purkinje
images of the double aperture occupied the same region
of the pupil as that when the fixation point was viewed.

It was found that the separation between the images
varied significantly when the eye turned sc as to place
them in different parts of the pupil although the ac-
commadation was held constant; therefore, photographs
showing the images appreciably misplaced were dis-
regarded. Subject R.S. showed the greatest change in
image separation when his cye was turned o make the
images appear in different parts of the supil. In his
case, for an image scparation about § the diameter of
the dark-adapted pupal. the image separation where
one image was nearly touching the upper elze of the
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S undey Frc. 3. Photagraphs of Furkinje isnages of enmetrope MK, who

R

far $ meters had diffuse images. Ia Fig. 1A) the was

o in tota!  for § meteny (far vision:, @ J(B) for cn,udz‘.!(C)lkm
wes ia total darknem.
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pupil was N0 pervent greater than when one image was
near the lower edge of the pupd. Lateral movement of
the images in the pupd caused less variation in separa-
tion; movement from nasal to t~~.poral edge of the

SCOLNIK, AXYD TOUSEY

Vol. 43

pupil produced about 7 percent increase in scpanation.
Ssiaration of the comeal images was not measurably
changed by the eye movements above, which amouated
to approximately 5 degrees in various directions from
center. In the other subjects the change in separation
was about 10-15 percent for the up-down movement
and correspondingly less for the lateral movemem of
the images. In the case of R.S. misplacement ol the
images in the pupil could have caused an error up to
1.5 diopters in determining the state of accommodation,
and in the other subjects as much as 0.75 diopter.

RESULTS

The series of photographs in Fig. 2 shows the nature
of the results for one of our four subjects (emmetrope
RS.). In the first picture the eye was focused for §
meters, in the second for 25 cm, and in the third the
eye was in complete darkness. In each photograph, the
image pair farthest to the right is that reflected from
the cornez; next to this is the pair reflected from the
anterior surface of wbe lens (called usually the second
Purkinje image) and farthest left is the pair reflected
from the posterior surface of the lens.

In confirmation of textbook statements, it was found
only the second Purkinje image of the double aperture
decreased significantly in separation during moderate
accommodation. This separation, therefore, was taken
as 8 measuie of accommodation and the camena was
focused sharply for these images. This accounts for the
fuzrress of the corneal and posterior surface images.
Tre inrge size and diffuseness of the images from the
anterior surface of the icns seems t/» resuit from the
nuture of this surface, and we have: found no subject
w here these images were sherp or ~ircular when the eye
was adjusted for far vision. With accommodation, how-
ever, the second Purkinje images becamne smaller and
more circular, as well as closer together. It was also
found that the shape of these images varied a little
when the eye turned.

Figure 3 shows the eye of emmetrope M.K., whose
second images were particularly diffuse. The separation
between them was about twice as great as for the other
cyes examined, forndmupnnmn of the source
apertures. The first photograph is for the eye focused
at S metere, the secod at 50 cm, and the third is for
thccyeadnptedwloulchrknen.ltwillbem that
each one of the second Purkinje image pair has an ir-
nguhrshapefahtmbuthmhnm
compact for 2 diopters of accommodation. It is interes:-
uutonotelhnih-wbjea'mspluo(hudnﬂun
images, had acuity somewhat better than the pfevious
scbject R.S. Both subjects had negligible astipma tism.

Figure 4 gives in graphical form the results of meas-
urements nn three subjects. F;gure 4(A) is for the
right eye of subject M_K. A routine test by an opthsl.
mologist indicated that, by the fogging method before
cycloplegia, tbeeyc was hypermetropic by 0.25 diopter;
cydoplegia retinoscopy revealed zevo refractive error,
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and the cycloplegia trial case finding also showed zero
refractive error. In the Isboratory be preferred a spec-
tacie correction varying between 0 and —0.25 diopter,
depending upon the test obiect used. Astigmatiam was
negligible. In the gnph is plotted the separation of the
second Purkinje images s the reciprocal distance (in
diopters) of the accommodation-fixing test ob;cc( The
dashed lines, piotted to the right, indicate the image
separation when the flash exposures were made in total
-darkness. The L'n’gt circles are the separations oi the
tmage pair when uic eye was viewing the very dimly
illuminated far =ad of the em. It can be seen that
thcse separutions are essentislly the same as for the
eye focused for “infinity” (5 meters). It was concluded
therefore that this subject did not change the curvature
of the eve lens and enter an accommodated siate in
total darkness or dim light, but remained focused for
far vision. Nevertheless, by subjective test in dim light
thceyeofthiswbiectmmyopic,mquuiraia
—1.5D spectacle {or maximum acuity at 0.02 micro-
hmbut.Tbum}mpahudmdybeenexplmned as
8 result of the aberrations of the eye.

Figure 4(B) shows the resuits of measurements on the
right eye of observer R.S. Cycloplegia revealed from
0.5 to 1.0 diopter of latent hypermetropia in this
~subject, the amount depending apparently upon the

olthecycu;.*‘egn.?ohypumcuopnmuldbc

by other messures, such as wearing positive

for long periods. His optimum spectade

errsction was between 0 and —0.25 diopter in day-
t without cycloplegia. Astigmatisn was negligible.
mp!awedpem!sz_ﬂa\mthe separstion of the
second Purkinje images os the remprocal distance (in
diopters) of the a acoommaiiation-fixing test object. As
in 4(A} the dashed lines indicate the image separition
when the flash sxposures were made in total darkness,
and the cirdes are for exposures in dim light. Ob-
‘viously, this subject too kept his accommodation re-
laxed in darkness-and in dim light. This subject also
exhibited the phenomenon of night myopia; a —1.75D
spectacie Jenz was the most positive that would give
maximum visual acuity at 0.02 microlambert. We
conclude again that this night myopiz was not the
result of accommodation, but to aberrstions in the eye.
- Figure 4{C) shows the results of measursments on
].B., s low myope with a far point sbout 40 am (2.5D)
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for the horizontal axis, and 30 cm (2.0D) for the vertical
axis. He was a completely untrained subject. The
quantities plotted are the same as in the two previous
figures. This subject was not refracted under cvclo-
plegia, and the amount of his night myopia is not known,
but the dzta show that the focus for thiseve in total dark-
ness and dim light is that corresponding to his far
point. He can therefore be classed as another subject
who shows no evidence of accommodation when visuai
stimuli are weak or are absent.

Our fourth subject R.T., 2 moderate myope having
a far pomt at 19 an (3.23D), gave variable results.
The experiment was performed with this subject on
seven difierent occasions. On one occasion his focus in
compsete darkness corresponded to his far-point, on
another there was some 2vidence of slight accommoda-
tion, about 8.5 diopter, and on four occasions his eve
dunged focue hy ahout one diopter in the direction of
myopia, and ‘on one ccoasion by 1.5 diopter. The
reason for this erratic bebavior is not dear, but the
subject complainéd more than the others of difficulty
in keeping his eye from wandering in total darkness
and it seemss possibie that he exerted some accommoda-
tive effort in 2ttempting to keep his fixation *“straight
zhead.” However, when the room was very dimly
illuminated instead of being totaily dark the accom-
modation disappeared or was barely measurable.
Under the same conditions of dim light the subject
still exhibited the subjective night myopia; a spectacle
1.5 diopter more negative than his opumum dayume
correction was required to give him maximum acuity
at 0.02 microlambert. The myopia ohviously cannot
be attributed to accommodation.

CONCLUSION

Photography of the Purkm;e images of a flash source
indicates that night myopia occurs in the absence of
changes of curvature of the eye lens in our subjects,
and we have not confirmed Otero’s conclusion that in-
creased accommodation is the major cause of night
myopia. The optical aberrations in the cye were found
adequate to account for the night myopic condition.
A review of the litersture, together with our own re-
sults, leads us to believe that accommadation is seldom

an inportant ause of the phenomenon.
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